The aim of the study was to describe the distribution of cocaine and amphetamine-regulated transcript (CART) and calcium binding proteins (CaBPs) of EF-hand family, namely calbindin, calretinin, and parvalbumin in the preoptic area (POA) of the ram. Frozen sections were processed for a routine immunofluorescence labelling. CART, calbindin, and calretinin immunoreactivity was present in neurons and fibers of the preoptic area, whereas parvalbumin showed immunoreactivity only in the POA fibers. CART displayed from a moderate to low immunoreactivity in cells and a high immunoreactivity in fibers. The highest immunoreactivity of all studied CaBPs exhibited calbindin, whereas the lowest parvalbumin. The results of the present study suggest that among the studied CaBPs, calbindin is the most likely to be involved in the participation of the important regulatory functions in the ram's POA and the rich CART innervation seems to be strictly related to its control of the reproduction.
parvalbumin.
The preoptic area, functionally considered as a part of the hypothalamus, is situated in front of the optic chiasm and lamina terminalis. This area is strictly connected with many hypothalamic nuclei. It takes part in behavioural and neuroendocrine aspect of reproduction (11) , regulates the cyclic release of pituitary gonadotropins (29) , and participates in regulation of parental behaviour (28) . The preoptic area is also involved in the regulation of sleep (16) and in thermoregulation (4) . In order to exert its multifaceted role, the preoptic area uses a wide variety of neurotransmitters.
For example, classical neurotransmitters like: dopamine (10), γ-aminobutyric acid (34) , as well as gonadotropin-releasing hormone (19) , oxytocin (9) , or aromatase (23) . Furthermore, preoptic area contains calcium binding proteins (CaBPs) (7, 8) as well as neuropeptides including substance P, vasoactive intestinal polypeptide, cholecystokinin, neuropeptide Y, cocaine and amphetamine -regulated transcript (CART), and opioid peptides (3, 13, 17, 26) . The CART is present in many brain areas, for example in the hypothalamus (32) , hippocampus (12) , amygdala (24) , or mesolimbic dopamine system (27) . This peptide plays a role as a potential anorectic agent and is involved in neuroendocrine hormone secretion, anxietylike behaviours, drug reward and reinforcement, and in addiction (2, 14, 15) . A recent investigation has reported that CART may take part in the regulation of gonadotropin release (22) , as well as in the initiation of maternal behaviour (31) . In contrast to hypothalamic nuclei related to feeding behaviour, little is known about CART distribution in the preoptic area, which is strictly connected with reproductive and maternal behaviour. There are only few papers concerning CART peptide occurrence in the preoptic area (3, 13, 17) and the neuroanatomical distribution of the CART in the preoptic area has been studied in detail only in the pig (3). The CaBPs are known to play a crucial role in maintaining constant intracellular level of calcium ions and they are used as a cellular marker for neuroanatomical studies (1) . The distribution of the CaBPs in the POA has been reported in overall mapping studies of the CNS of the rat (5), in papers dedicated to the hypothalamus of the monkey (8) or human (25) , or in data focusing only on particular nuclei of the preoptic area, for example in mice (7) . However, a distribution of the CaBPs in the sheep's preoptic area has not been reported so far. Therefore, the aim of the study was to describe the distribution of the CART and CaBPs of EFhand family, namely calbindin, calretinin, and parvalbumin in the preoptic area of the ram. It appears that this species can be used as an important biomedical model (21) and is valuable for understanding sexual behaviour and neural and endocrine systems related to reproduction (21) .
Material and Methods

Animals:
The studies were carried out on five sexually immature (approximately 3-month-old) male sheep of Kamieniec breed from a breeding herd. All experiments were carried out in accordance with the Local Ethical Committee's rules.
Tissue fixation and preparation: Sheep were killed, decapitated, and perfused through both carotid arteries with 4% ice-cold buffered paraformaldehyde (pH 7.4). After perfusion, the brains were removed and postfixed by immersion in 4% paraformaldehyde. After fixation, they were washed for 3 d in 0.1 M phosphate buffer (pH 7.4), and then stored in 30% sucrose until sectioning. The frozen tissue blocks were cut into 20 μm-thick cryostat transverse sections. They were stored at -80°C until staining.
Immunofluorescence experiments: The tissue sections were processed for immunofluorescence labelling by means of primary antisera raised in different species. Sections were air-dried for 45 min, washed 3 times in PBS prior to immunohistochemical staining, and then processed for routine immunofluorescence labelling using a rabbit polyclonal antibody against CART (1:2,000; code H-003-61, Phoenix Pharmaceuticals, USA), and calbindin D-28K (1:2,000; code CB-38a, Swant, CH), and mouse monoclonal antibody against calretinin (1:2,000; code 6B 3, Swant, CH) and parvalbumin (1:2,000; code P3088, Sigma, USA). The sections were kept overnight at room temperature. In order to show the binding sites of the antigens and antisera, sections were incubated 1 h at room temperature with Cy3-conjugated donkey antirabbit (1:6,000; code 711-165-152, Jackson ImmunoLabs, USA) and Cy3-conjugated donkey antimouse (1:6,000; code 712-165-150, Jackson
ImmunoLabs, USA). All antibodies were diluted in PBS containing Triton X-100 (0.3%-0.5%) and 1% normal donkey serum. The sections were then washed 3 times in 0.1 M PBS, coverslipped in buffered carboxyglycerol (pH 7.8), and analysed under an Olympus BX51 microscope equipped with a CCD camera connected to a PC. Images were acquired with AnalySIS software (ver. 3.02; Soft Images Systems GmbH, GER). Standard controls, e.g., the omission as well as replacement of all primary antisera by non-immune sera were applied to test antibody and method specificity.
Results
The preoptic area of the ram is located rostral to the decussation of the optic nerves and extends to the level of the paraventricular nucleus of the hypothalamus. It consists of four parts: the medial preoptic area (MPA), lateral preoptic area (LPA), median preoptic nucleus (MPN), and periventricular preoptic nucleus (PPN).
The distribution pattern of CART, calbindin, calretinin, and parvalbumin structures in the preoptic area of the ram. The immunofluorescence studies showed the presence of all studied biologically active substances throughout the preoptic area. The most immunoreactivity showed the CART and the least immunoreactivity was observed for parvalbumin. Parvalbumin was present only in fibers.
CART immunoreactivity was present in all parts of the preoptic area. The preoptic area displayed from a moderate to low density of CARTimmunoreactive cells and a rich CARTimmunoreactivity was observed in fibers, grains, and tiny fiber terminals ( Fig. 1, 2) . Single CART-positive cell bodies were located in the periventricular region and medial preoptic area in a moderate number. The LPA exhibited a low density of immunoreactive cells and only single, faintly stained CART-positive cell bodies were occasionally noted, whereas CARTimmunoreactive perikarya were not observed in the MPN. The highest density of CART-immunoreactive fibers was observed in the PPN and slightly less in the MPA and LPA. A weak immunoreactivity showed CART in fibers of the MPN. Fig. 1-2 . CART-immunoreactivity in the medial preoptic area (1); a simple arrow-a basket-like structure (1) in the periventricular preoptic nucleus (2a) and in the lateral preoptic area (2b); a single curved arrow-a fiber with tiny varicosities, a double curved arrowa fiber with large varicosities, a simple arrow-a basket-like structure (2b); scale bar -100 µm. Fig. 3-4 . Calbindin immunoreactivity in the medial preoptic area (3) and periventricular preoptic nucleus (4) of the ram, scale bar -100 µm. Fig. 5-6 . CR-immunoreactivity in the medial (5) and lateral (6) preoptic area of the ram, scale bar -100 µm. Fig. 7-8 . PV-immunoreactivity in the lateral preoptic area (7) and periventricular preoptic nucleus (8) of the ram, an arrow -a basket-like structure, scale bar -100 µm.
CART containing fibers had different thickness and length. Some of them were long and possessed large varicosities (Fig. 2b , a double curved arrow) and usually they were dorso-ventrally arranged. Most of the CARTimmunoreactive fibers were usually shorther, had tiny varicosities (Fig. 2b, a single curved arrow) , ran in all directions and interweaved with the long ones. The thick and tiny fibers were present in all parts of the preoptic area but in the MPN the thick ones were thinner and had smaller varicosities than in the remaining parts of the area. Some CART-immunoreactive fibers were arranged in basket-like manner, that surrounded unstained cell bodies (Fig. 1, 2b a simple arrow) , especially in the PPN and MPA.
Calcium binding proteins showed moderate immunoreactivity in the preoptic area and the distribution of the proteins was different in preoptic area parts.
Calbindin (CB) exhibited the highest immunoreactivity of all studied calcium-binding proteins in the preoptic area (Fig. 3, 4) . The most of CB staining perikarya was observed in the PPN, and slightly less in the MPA. In the LPA, there were a few CBimmunoreactive cell bodies, whereas in the MPN, neurons showing immunoreactivity for CB were very rare. CB-immunoreactive perikarya occurred singly and they were mostly rounded, oval, sometimes elongated. The immunoreactivity was observed usually in the cytoplasm but sometimes it was seen also in the initial sections of the dendrites, especially in the MPA. CBpositive fibers were present in the whole preoptic area and their largest number was observed in the MPA and the smallest in the MPN. The PPN and LPA showed moderate CB-immunoreactivity. The CBimmunoreactive fibers were thin with a smooth surface or thick with varicosities. Calretinin (CR) showed weaker immunoreactivity than calbindin, but slightly stronger than parvalbumin. Not numerous CR-positive perikarya and fibers were observed throughout the preoptic area (Fig. 5, 6 ). The relatively largest number of CRimmunoreactive cell bodies was observed in the PPN. In the MPA and LPA, CR-immunoreactive cell bodies were less numerous but in the MPN, neurons containing calretinin were not observed. CR-immunoreactive perikarya were mostly rounded and only few of them were triangular.
CR-positive perikarya were distributed singly, and immunofluorescence was observed only in the cytoplasm. The largest number of CR-positive fibers was observed in the MPA and slightly less in the PPN. Moderate amount of the fibers were noted in the LPA and the smallest amount in the MPN. Generally, fibers were thin and had a smooth surface but some fibers, mainly in the PPN, had small varicosities. Within the PPN, CR-positive fibers were oriented dorso-ventrally, and in other parts of the preoptic area they were arranged in all directions.
Parvalbumin (PV) showed the weakest immunoreactivity in comparison with the other studied calcium binding proteins (Figs 7 and 8 ). PVimmunoreactivity was observed only in fibers. The largest number of PV-immunoreactive fibers was found in the MPA, and slightly less in the PPN. In the LPA and MPN, PV-immunoreactivity was very low. The fibers were thin or thick with smooth surface, and they were usually short. Few fibers were long and they were dorso-ventrally oriented. In the MPA and PPN, immunoreactive fibers wrapped around the negative somata creating basket-like structures (Fig. 7, arrow) .
Discussion
This is the first study, which allowed defining the distribution of CART-immunoreactivity and three principal members of the EF-hand family of calcium binding proteins in the ram's preoptic area. The studies revealed that CART-, calbindin-, and calretininimmunoreactivity was present in neurons and fibers of the preoptic area, whereas parvalbumin showed immunoreactivity only in the fibers.
The ram preoptic area showed from a moderate to low density of CART-immunoreactive cells and a high CART-immunoreactivity in fibers. The periventricular nucleus displayed the highest CARTimmunoreactivity whereas the median nucleus showed the lowest one and only in fibers. The median preoptic nucleus originates from the thelencephalon contrary to the remaining preoptic area parts that anatomically and functionally are strictly connected with the hypothalamus. Similar CART expression was reported in the preoptic area of pigs (3), rats (22) , humans (13) , and lower vertebrates (17); however, the CART-positive perikarya in the porcine preoptic area were less numerous than in the ram's preoptic area (3) . CART containing fibers in the preoptic area of the ram occurred in two morphological forms: with large or tiny varicosities. They probably correspond respectively with the thick and thin CART-immunoreactive fibers of the pig's preoptic area (3). In humans, CART distribution takes place only in the medial preoptic nucleus, which is located in the part of the preoptic area occupied by the medial preoptic area of the ram. The nucleus showed strong CART staining with many densely arranged immunoreactive fibers and terminals (13) , similar as in the medial preoptic area of the ram. The uncinate nucleus of humans seems to occupy a part of the periventricular preoptic nucleus of the ram, which displayed strong CART immunorectivity, with many densely packed positive fibers and terminals and some sparsely distributed CART-positive cells (13) , the same as in the ram periventricular preoptic nucleus. Although there are only few papers that deal with the CART distribution in the preoptic area, they all generally show that CART-immunorectivity is high in fibers and terminals and low in perikarya (3, 13, 17) . Therefore, it seems that some CART containing fibers are extrinsic, and afferents that contain CART may come from hypothalamic nuclei or other brain areas (30, 32) .
CART in addition to its relatively well-explored role in feeding behaviour or drug abuse, has recently been reported to play a role in reproductive functions as well (22) . CART-positive fibers in the preoptic area of the ram were especially numerous in the PPN and MPA, in regions that also contain GnRH (22) . Fibers containing CART were identified in close apposition with GnRH neurons in the diagonal band of Broca and in the preoptic area of the pig and hamster (3, 19) . Recent studies have suggested that the facilitatory effect of leptin on GnRH secretion is mediated by CART (18) . Lack of leptin is associated with obesity, hypogonadism and infertility (6) . It was shown that CART neurons from premammillary nucleus have receptors for leptin and project to the areas, which contain GnRH-IR perikarya (22) . Therefore, these neurons are well positioned to mediate leptin effect on reproductive control. The present results have shown that the ram preoptic area, especially periventricular preoptic nucleus and medial preoptic area, are strongly innervated by the CART. Thus, the CART in the ram's preoptic area may be thought as an important modulatory neuropeptide, that controls the reproductive functions through the gonadotropin secretion (22) . Moreover, recent studies revealed an association between genetic polymorphisms of the CART gene and reproduction traits and birth weight of goats (33) . It was found that several genetic varieties in this gene affect litter size but the mechanisms of these genetic changes remain unclear (33) . Identification of CART receptors will be critical in further explaining the function of the neuropeptide, which seems to be significant target for the modulation of multiple central nervous system-mediated behaviours (2) .
The present study revealed that the highest immunoreactivity of all studied calcium-binding proteins in the ram's preoptic area exhibited calbindin. The calbindin and calretinin pattern of distribution of medial and lateral preoptic area is very similar with that described in the squirrel monkey (8) . Calbindin immunoreactivity predominates over CRimmunostaining both in the ram and squirrel monkey; however, it seems that the lateral preoptic area of the squirrel monkey showed stronger CR-immunoreactivity (8) . The medial preoptic nucleus of the squirrel monkey (8) corresponds with the median preoptic nucleus and partially with the periventricular preoptic nucleus of the ram. This nucleus in the squirrel monkey (8) is devoid of CB-immunoreactivity (8) , whereas the corresponding area in the ram showed the immunoreactivity in neurons and neuropil, the same as in the rat (5) . Parvalbumin in the ram's preoptic area displayed the weakest immunoreactivity among the studied CaBPs and was present only in fibers. In the preoptic-hypothalamic complex of the squirrel monkey, parvalbumin was absent but it occurred only in the lateral portion of the medial mammillary nucleus (8) . The calcium binding proteins are necessary for proper functioning of neurons. They protect cells against an increase in calcium concentration inside the cell, and thus against their death. The results of the present study suggest that calbindin is the most likely involved in the participation of the regulation of the reproductive functions. Taking into account that calbindin and calretinin have similar amino acid sequence they may act in similar way. On the other hand, these two proteins show differences in domain organisation (20) , so they may complement each other to ensure proper functioning of neurons of the ram's preoptic area. Parvalbumin in the preoptic area of the ram that displayed the weakest immunoreactivity, showing only sparse fibers, contrary to calbindin and calretinin, seems to be unlikely to play an important role in the ram's preoptic area.
